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Diurnal variations of glomerular filtration rate and albuminuria increase from night- to daytime is 20% in GFR [2, 4],
in diabetic nephropathy. 50% in urinary albumin excretion rate [1, 2], and
Background. The aim of our study was to evaluate the diur-
10% in arterial blood pressure [3]. A diurnal variationnal variation in glomerular filtration rate (GFR), and the poten-
in albuminuria has been demonstrated in type 1 diabetictial mechanisms responsible for such variations in GFR and
patients with diabetic nephropathy [5], despite and inde-albuminuria in diabetic nephropathy.
Methods. In three 24-hour urine samples, divided into a night- pendently of a blunted nocturnal reduction in arterial
and daytime portion, diurnal variation in albuminuria (ELISA) blood pressure [5, 6]. Whether a diurnal variation of
was assessed. Furthermore, during recumbency changes in al-
GFR is present in diabetic nephropathy is unknown.buminuria, GFR (51Cr-EDTA plasma clearance) and arterial
Impaired/abolished diurnal variation of GFR leading toblood pressure (TM2420) from nighttime (00:00 to 05:00 hours)
to subsequent daytime (08:00 to 13:00 hours) were examined nocturnal hyperfiltration [7] may worsen albuminuria
in 20 type 1 diabetic patients with diabetic nephropathy. and progression of diabetic nephropathy. Since impaired
Results. The 24-hour urine collections showed an average nocturnal reduction in arterial blood pressure is frequentrise in albuminuria from night- to daytime of 51% (95% CI;
in such patients, it may influence the diurnal variation16 to 95; P  0.01). During recumbency a non-significant rise
in GFR, especially in patients with impaired renal auto-was recorded from night- to daytime in albuminuria (22%, 8
to 61, P  0.15), simultaneously with an increase in GFR of regulation, as frequently demonstrated in diabetic ne-
9.0% (3.4 to 14.5, P 0.005) and mean arterial blood pressure phropathy [8]. Autonomic dysfunction and latent fluid
(MABP) of 8.0% (4.3 to 11.7, P 0.0001). No diurnal variation
retention has been suggested to play a role in the genesisin fractional clearance of albumin was found. Significant associ-
of blunted nocturnal reduction in arterial blood pressureations between MABP and albuminuria were demonstrated
during night- (R2  0.50; P  0.001) and daytime (R2  0.48; [5, 6, 9, 10].
P 0.005). A linear regression analysis between diurnal varia- The aim of this study was to evaluate diurnal variations
tions in MABP and GFR showed that an increase in MABP (of in GFR and to evaluate potential mechanisms responsi-10%) from night- to daytime was associated with a significant
ble for such variations in GFR and albuminuria in typeincrease in GFR (of 8.0%, 0.2 to 4.1, P  0.02).
Conclusions. Our study revealed diurnal variations in GFR, 1 diabetic patients with diabetic nephropathy.
albuminuria and MABP in diabetic nephropathy, with lowest
values during sleep at night. The observed diurnal variation in
albuminuria seems to be explained partly by mechanisms re- METHODS
lated to orthostasis, and partly by the diurnal variation in GFR
Subjectsand serum albumin concentration. The diurnal variation of
blood pressure seems to play a role for the diurnal changes in Twenty consecutive type 1 diabetic patients with dia-
GFR and albuminuria. betic nephropathy, who fulfilled the following inclusion
criteria, were enrolled in the study: persistent albumin-
uria 300 mg/24 h, GFR 25 mL/min/1.73 m2 and ageDiurnal variations in glomerular filtration rate (GFR),
between 18 to 65 years. Patients were excluded if theyurinary albumin excretion rate and arterial blood pres-
had a previous history of stroke and/or transient ischemicsure, are present in normal subjects [1–4]. The normal
attacks, congestive heart failure (NYHA III-IV), myo-
cardial infarction or coronary bypass surgery within the
Key words: diurnal GFR, urinary albumin excretion, hyperfiltration,
last three months and/or unstable angina pectoris. Allprogressive renal disease, arterial blood pressure, type 1 diabetes,
orthostasis. patients had been insulin-dependent from the time of
diagnosis and all were receiving insulin either twice (at
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08:00 hours and 18:00 hours) or four times daily (beforeand in revised form June 28, 2001
Accepted for publication August 8, 2001 meals and at 21:00 hours). Diabetic nephropathy was
diagnosed clinically if the following criteria were fulfilled: 2002 by the International Society of Nephrology
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persistent albuminuria, presence of diabetic retinopathy, Albuminuria was determined in three consecutive 24-
hour urine samples collected immediately before the in-and no clinical or laboratory evidence of other kidney
or renal tract disease [11]. Diabetic retinopathy was eval- vestigation, and further three 24-hour urine samples, all
divided into a day- and nighttime portion, accordinguated by fundus photography after pupillary dilation and
graded nil, simple, or proliferative (the fundus photos to the actual bedtimes collected after the investigation.
During the investigation urine samples were collectedwere graded according to the Steno Eye Care Concept
applying a modification of the Wisconsin Epidemiologi- between 00:00 and 06:45 hours, and between 07:00 and
13:00 hours, and analyzed for albumin [19], IgG andcal Study of Diabetic Retinopathy [12, 13]). Seventeen
patients received antihypertensive treatment, while three IgG4 [20], and retinol binding protein [21]. Fractional
clearance of albumin, IgG and IgG4 were obtained bypatients were normotensive. Patients graded sleep quality
as good, acceptable, or bad. All patients participating in dividing the clearance of the proteins (calculated as
UV/P, where U is urine protein concentration, V is urinethe study were Caucasians, and all gave informed consent
to participate in the study. The study was approved by flow, and P is plasma protein concentration) with the
simultaneously measured GFR.the Regional Ethics Committee.
Design Blood pressure
During the investigation arterial blood pressure wasAll antihypertensive drugs were stopped three to four
weeks before examination. The patients were investi- measured with a Takeda TM2420 (A&D, Tokyo, Japan)
device version 6 or 7 [22, 23]. Blood pressure and heartgated during the nighttime and subsequent daytime as
follows: Before the investigation patients fasted from rate were measured every 30 minutes during both the
night (00:00 to 05:00 hours) and day (08:00 to 13:00 hours)19:00 hours and meet at Steno Diabetes Center in the
evening at 21:30 hours. Only one patient was examined time spans. No editing was performed in the recorded
blood pressure and heart rate values. Values were aver-at each investigation. From 22:00 to 13:00 hours the sub-
sequent day the patient was recumbent in bed. The inves- aged for each hour before calculating night- and daytime
blood pressure values. MABP was calculated as: [(sys-tigations were carried out during nighttime (between
00:00 and 05:00 hours) and repeated during the daytime tolic blood pressure  (2 · diastolic blood pressure)]/3.
(between 08:00 and 13:00 hours). These fixed time inter-
Autonomic nervous functionvals were selected, since previous studies in normal sub-
jects have demonstrated that GFR is lowest between Cardiac autonomic nervous function was assessed by
the beat-to-beat variation during deep breathing:5 beats/00:00 and 04:00, and reach maximum values between
08:00 and 12:00 hours [14]. At 22:30 and 07:00 hours, all min1 (abolished), 5 to 15 beats/min1 (impaired), and
15 beats/min1 (normal) [24].patients received the same standardized meal (45 to 55%
carbohydrate, 30 to 35% fat, and 15 to 20% protein) to
Laboratory testsensure equal protein and sodium load during the night-
and daytime. At 23:00 hours the light was switched off. Hematocrit and blood glucose concentrations were
measured at 00:00, 04:00, 08:00 and 12:00 hours. Hemato-Patients were awakened at 06:45 hours. Insulin treatment
was given as usual. crit was determined in duplicate using Copas Helios
(Roche Haematologie, Montpellier, France; coefficient
Kidney function of variation 3.1%) and blood glucose was measured by
a glucose oxidize method using an auto-analyzer (OneGlomerular filtration rate was measured twice, be-
tween 00:00 and 05:00 hours (nighttime) and subse- Touch 2; Lifescan, Milpatas, CA, USA). Plasma epineph-
rine and norepinephrine, and plasma angiotensin II werequently between 08:00 and 13:00 hours (daytime), after
a single intravenous injection of 1.5 and 8.0 MBq 51Cr- drawn in pre-chilled tubes at 04:00 and 12:00 hours, centri-
fuged immediately at 4C, and plasma concentrations wereethylenediaminetetraacetic acid (51Cr-EDTA) at 00:00
and 08:00 hours, respectively, by determining the radio- measured by established methods [25, 26]. Serum albumin
and immunoglobulins were measured at 04:00 and 12:00activity in venous blood samples taken 240, 260, 280 and
300 minutes after the injection [15, 16]. Extrarenal loss hours. Hemoglobin A1c was measured by high-performance
liquid chromatography (HPLC; normal range 4.1 to 6.4%;was corrected for by subtracting 3.7 mL/min [17]. The
small underestimation (10%) of 51Cr-EDTA renal clear- Variant; Bio-Rad Laboratories, Hercules, CA, USA).
ance versus renal clearance of inulin was corrected for
Statistical analysesby multiplying the EDTA clearance by 1.10 [17]. The re-
sult was standardized for 1.73 m2 body surface area. The Normally distributed data are given as means (SD or
95% CI), except where indicated. Owing to the skewedmean coefficient of variation in GFR was 3.9% in our
laboratory, when measured twice within the same day distribution of the urinary excretion of albumin, IgG, IgG4,
fractional clearance of albumin, IgG and IgG4, plasma(from 08:00 to 12:00 and from 12:30 to 16:30 hours) [18].
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Table 1. Demographic data of twenty type 1 diabetic patients ing the night- and daytime, with almost identical regres-
with diabetic nephropathy
sion lines (Fig. 1). A univariate regression analysis re-
Gender female/male 8/12 vealed a significant association between relative changes
Age yearsa 45.1 (7.7) in MABP and relative changes in GFR from night- toDuration of diabetes yearsa 31.0 (8.6)
daytime (Fig. 2). For every increase in MABP of 10%Duration of diabetic nephropathy yearsa 11.0 (5.1)
Albuminuria mg ·24 h1b 571 (1.4) there was an increase in GFR of 8.0% (95% CI; 0.2 to
Hemoglobin A1c percent a 8.6 (1.2) 14.1; P  0.02). No associations were found between theBeat-to-beat normal/impaired/abolished 4/8/8
Retinopathy nihil/simplex/proliferative 0/3/17 relative changes in GFR, MABP, epinephrine, norepineph-
rine, angiotensin II, serum albumin and relative changesa Mean (SD) or b geometric mean (antilog SE)
in albuminuria. No associations were either found be-
tween relative changes in epinephrine, norepinephrine, an-
giotensin II, serum albumin, and relative changes in GFR.
epinephrine and norepinephrine, and plasma angioten-
sin II, these variables were logarithmically transformed
DISCUSSIONbefore analysis. The Student t test was used to test paired
data. Univariate regression analysis (least squares method) A diurnal variation in GFR, with lowest values during
was used to analyze data for associations. A multiple sleep at night, was a major novel finding in our study of
regression analysis was performed with the change in type 1 diabetic patients with diabetic nephropathy. We
albuminuria or GFR as a dependent variable and back- have confirmed and extended our previous observation
ward selection including variables (night/day changes) of a diurnal variation in albuminuria [5], which suggests
with P  0.10 in a univariate analysis. that this variation could be partly explained by mecha-
Analysis of covariance was used to compare regression nisms related to orthostasis, and partly by the diurnal
lines from night to day. variations in GFR and the serum albumin concentration.
All calculations were made using SPSS for Windows Simultaneously measured blood pressure and albumin-
(SPSS Inc., Chicago, IL, USA). A P value 0.05 was uria values were closely correlated during night- and
considered significant (two-tailed). daytime. The diurnal variation in blood pressure was
associated to the diurnal variation in GFR.
When measuring peak and trough values of GFR dur-RESULTS
ing 24 hours, GFR has a diurnal variation during recum-Demographic data of the patients are shown in Table
bency, with a rise from night- to daytime above 20% in1. During recumbency GFR, arterial blood pressure,
both healthy subjects [2, 4] and in patients with non-heart rate, plasma epinephrine and norepinephrine, se-
diabetic renal diseases [4]. The present study, using fixedrum albumin and hematocrit significantly increased from
intervals during night and day to measure GFR, demon-night- to daytime, while plasma angiotensin II concentra-
strated a rise in GFR (9%), less than that previouslytion remained unchanged (Table 2). In 24-hour urine
reported in healthy subjects (12%) [14]. However, im-collections divided into night- and daytime, according
paired diurnal variations in arterial blood pressure areto the actual bedtimes, there were an average rise in
frequent in type 1 diabetic patients with diabetic ne-albuminuria from night- to daytime of 51% (95% CI; 16
phropathy [5, 6], which may blunt the diurnal variationto 95; P  0.01), while during recumbency albuminuria
in GFR. The diurnal variation in GFR depends on alter-only rose 22% (NS; Table 2). Fractional clearances of
ations in the ultrafiltration coefficient (Kf) and/or thealbumin, IgG and IgG4 were not different during night-
transcapillary hydraulic pressure difference (P) and/orand daytime (Table 3). The size and charge selectivity
the transcapillary oncotic pressure difference. We haveindexes of IgG/albumin and IgG/IgG4 (Table 3) were
no direct information on these variables. However, wenot different during the night- and daytime.
found an association between diurnal variations in arte-The mean blood glucose level was not different during
rial blood pressure and the diurnal variation in GFR.the night- and daytime examinations: 10.3 mmol/L (95%
Systemic blood pressure changes are only important forCI; 7.9 to 12.7) and 11.4 mmol/L (95% CI; 9.5 to 13.3;
albuminuria and the regulation of GFR if it is transmittedP  0.31), respectively.
downstream to the glomeruli, resulting in changes inCompared to normal conditions the majority of pa-
intraglomerular pressure (PGC). This is likely to occurtients reported a reduced quality of sleep (55% medium
because the autoregulation of GFR (or PGC), that is,and 15% bad) during the investigation.
the maintenance of relative constancy of GFR (or PGC)
Regression analyses despite variations in mean arterial blood pressure above
80 mm Hg [27], has been documented to be impaired inSignificant associations between simultaneous mea-
sured MABP and albuminuria were demonstrated dur- diabetic nephropathy [8]. A complete pressure-passive
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Table 2. Glomerular filtration rate, albuminuria, blood pressure, heart rate, epinephrine and norepinephrine during recumbency
at night- and day-time in 20 type 1 diabetic patients with diabetic nephropathy
Nighttime Daytime Relative changeb
Variable 00:00 h to 05:00 h 08:00 h to 13:00 h % P d
Albuminuriaa,c lg/min 320 (142 to 724) 390 (183 to 832) 21.8 (7.6 to 60.5) 0.15
Glomerular filtration rate mL/min/1.73 m2 74 (60 to 88) 82 (65 to 99) 9.0 (3.3 to 14.5) 0.005
Systolic blood pressure mm Hg 140 (130 to 149) 147 (139 to 156) 6.0 (1.5 to 10.5) 0.02
Diastolic blood pressure mm Hg 74 (69 to 78) 81 (76 to 85) 10.1 (6.3 to 13.9) 0.0001
Mean arterial blood pressure mm Hg 96 (90 to 101) 103 (98 to 108) 8.0 (4.3 to 11.7) 0.001
Heart rate beats/min 76 (71 to 81) 79 (74 to 85) 4.5 (0.3 to 8.6) 0.05
Epinephrinea pg/mL 10.6 (9.3 to 12.0) 18.7 (11.4 to 30.6) 76 (6 to 192) 0.05
Norepinephrinea pg/mL 93.0 (71.9 to 120.3) 127.7 (105.1 to 155.1) 37 (14 to 65) 0.005
Angiotensin IIa pmol/L 10.4 (7.7 to 14.1) 9.8 (6.9 to 13.8) 6 (25 to 19) 0.59
Serum albumin g/L 34.1 (31.8 to 36.3) 35.8 (33.3 to 38.3) 5.3 (1.6 to 9.0) 0.01
Hematocrit % 0.38 (0.36 to 0.40) 0.39 (0.37 to 0.41) 2.2 (0.9 to 3.5) 0.01
Data are mean (95% confidence interval).
a Geometric mean (95% confidence interval)
b Mean of relative change from night- to daytime
c Nighttime (asleep) from 00:00 h to 06:45 h and daytime (awake) from 07:00 h to 13:00 h
d Relative change different from zero
Table 3. Urinary excretion of albumin, IgG, and IgG4 during recumbency at night- and daytime in 20 type 1
diabetic patients with diabetic nephropathy
Nighttime Daytime Relative change a
Variable 00:00 h to 05:00 h 08:00 h to 13:00 h % P b
Fractional clearance of albumin (·106) 139 (53 to 369) 148 (59 to 380) 7 (18 to 39) 0.60
Fractional clearance of IgG (·106) 82 (31 to 211) 81 (31 to 211) 2 (28 to 32) 0.88
Fractional clearance of IgG4 (·106) 54 (20 to 147) 54 (20 to 144) 0 (26 to 34) 0.96
Selectivity index of IgG/albumin 0.59 (0.44 to 0.80) 0.54 (0.41 to 0.70) 9 (26 to 13) 0.38
Selectivity index of IgG/IgG4 1.69 (1.07 to 2.68) 1.53 (1.00 to 2.36) 9 (37 to 31) 0.59
Data are geometric mean (95% confidence interval).
a Mean of relative change from night- to daytime
b Relative change different from zero
plained by mechanisms related to orthostasis as sug-
gested by Arisz et al [28]. A further increase in GFR
during daytime and/or a redistribution of blood flow to
nephrons with different protein permeability may con-
tribute to an additional increase in albuminuria when
the patient moves from the supine to the erect position.
The impact of daytime dietary protein intake on the
diurnal variation of albuminuria is unraveled. However,
even high levels of protein intake do not have any acute
effect on albuminuria in chronic renal disease [29]. The
filtered load of albumin depends on serum albumin con-
centration, the size and charge selective properties of
Fig. 1. Correlations between daytime mean arterial blood pressure the glomerular capillary barrier and the transcapillary
(MABP) and albuminuria (	; R2  0.48; y  0.104x  4.8; P  0.005), hydraulic pressure difference (P). In the present study,
and nighttime MABP and albuminuria () R2  0.50; y  0.107x 
we observed a significant increase in serum albumin con-4.5; P 0.001) in 20 type 1 diabetic patients with diabetic nephropathy.
Regression lines show levels during the daytime (solid line) and night- centration and GFR from night- to daytime, while the
time (dashed line). P 0.17 for a comparison between regression lines. fractional clearance of albumin remained unchanged
during recumbency. Furthermore, an association was
seen between changes in blood pressure and changes in
GFR from night- to daytime, suggesting that changesvasculature has been found in 30% of the patients with
in blood pressure are transmitted down-stream to thediabetic nephropathy [8].
glomerular capillaries affecting the glomerular capillaryCompared to the diurnal variation during recumbency,
pressure, probably because of impaired renal autoregula-the additional increase in albuminuria from night- to
daytime during 24-hour urine collections may be ex- tion [8]. However, this relationship may be diluted, since
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tory blood pressure measurements and the number of
patients in this study was small.
In conclusion, we have demonstrated the existence of
a diurnal variation in GFR and albuminuria in type 1
diabetic patients with diabetic nephropathy. The varia-
tion in albuminuria seems to be explained partly by
mechanisms related to orthostasis, and partly by the diur-
nal variations in GFR and the serum albumin concentra-
tion. However, the diurnal variation of blood pressure
also seems to play a role for the diurnal variation of
GFR and albuminuria.
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